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Specification 


1. Title of the invention 

Production of mullite porous body 


2. Claim of the invention 

(1) The production of a mullite porous body characterized by 
the fact that molding is carried out for a mixture produced by 
mixing 5-100 parts by weight of a carbon powder with 100 parts by 
weight of a mixture comprising 95-50 wt% of clay and 5-50 wt% of 
AlF 3 ; the molding is baked at a temperature suitable for 
formation of mullite acicular crystals, and further heating is 
provided under oxidation conditions to remove residual carbon 
leaving a mixture of mullite acicular crystals. 

(2) The production of a mullite porous body characterized by 
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the fact that molding is carried out for a mixture produced by- 
mixing 5-100 parts by weight of a graphite powder with 100 parts 
by weight of a mixture comprising 95-50 wt% of kaolinite powder 
and 5-50 wt% of A1F 3 powder; the molding is baked at a 
temperature in the range of 1200~1500°C, and further heating is 
provided under oxidation conditions to remove residual carbon 
leaving a mixture of mullite acicular crystals behind. 

3. Detailed description of the invention 

[Field of industrial application] 

The present invention pertains to a method of manufacturing 
a mullite porous body. 
[Prior art] 

Several methods on manufacturing a mullite porous body are 
public knowledge. 

For example, a method of producing a mullite porous body 
with natural minerals is known. First, clay is molded and the 
molding is baked to generate mullite acicular crystals inside the 
baked body. When elution of the large amount of vitreous body 
produced along with the mullite acicular crystals is carried out 
using a solution such as HF, the insoluble mullite acicular 
crystals are left in the form of a mixture, and a porous body is 
produced. For further information, see the Theses of the 
Ceramics Society of Japan 96 [11] 1081-86 (1988) and 98 [4] 339- 
47 (1990) . 

[p. 2] 
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As a similar method, the invention published in Japanese 
Kokoku [Examined] Patent Application No. Hei 2-12910 [1990] can 
be mentioned. 

In general, mullite acicular crystals are likely to be 
produced when an excess of the silica component is present in the 
composition compared to the case of a mullite composition 
comprising alumina and silica components. In general, the excess 
silica component forms a liquid vitreous body. The liquid phase 
is an environment for the associated reaction that fosters 
production of acicular crystals. 

The common trend in the prior art has been the full 
utilization of above-mentioned liquid phase reaction in order to 
produce mullite acicular crystals efficiently. 

[Problems to be solved by the invention] 
Full utilization of the liquid phase reaction is very 
effective for production of mullite acicular crystals, but from 
the standpoint of production of a porous body comprising mullite 
acicular crystals, the technology of the prior art encompasses 
the difficulties described below. 

1) High- temperature baking is required. For example, in 
many cases, a high temperature in the range of 1400~1700°C is 
required. 

2) In order to produce a porous body final product, an 
elution process for the vitreous body with HF or a hot alkali is 
required. 
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3) The density of the molded item after baking and before 
elution of the vitreous body is high and it is difficult for the 
HF solution to penetrate it. The mullite acicular crystals are 
hardly soluble in HF, but slow dissolving occurs upon extended 
contact. Therefore, an HF treatment for only a short time is 
possible. And as a result, production of molded items with 
greater thicknesses or molded items having complex shapes cannot 
be achieved. 

The purpose of the present invention is to provide a method 
of manufacturing a mullite porous body without the difficulties 
of the prior art listed above. 

[Means to solve the problem] 

In summary, the first invention of the present application 
is the production of a mullite porous body characterized by the 
fact that molding is carried out for a mixture produced by mixing 
5-100 parts by weight of a carbon powder with 100 parts by weight 
of a mixture comprising 95-50 wt% of clay and 5-50 wt% of AlF 3 ; 
the molding is baked at a temperature suitable for formation of 
mullite acicular crystals, and further heating is provided under 
oxidation conditions to remove residual carbon leaving a mixture 
of mullite acicular crystals. 

In summary, the second invention of the present application 
is production of a mullite porous body characterized by the fact 
that molding is carried out for a mixture produced by mixing 
5-100 parts by weight of a graphite powder with 100 parts by 
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weight of a mixture comprising 95-50 wt% of kaolinite powder and 
5-50 wt% of A1F 3 powder; the molding is baked at a temperature in 
the range of 1200~1500°C, and further heating is provided under 
oxidation conditions to remove residual carbon leaving a mixture 
of mullite acicular crystals behind. 

[Work of the invention] 

AlF 3 and carbon undergo a reaction that reduces the 
formation temperature of the mullite acicular crystals produced 
inside the clay. Furthermore, the production ratio of the 
material is increased. In addition, the glass matrix is 
dispersed into many small blocks by the carbon powder during the 
course of baking and is vaporized under reduction, and released 
outside the system. The carbon left in the system is heated in 
an oxygen-containing atmosphere and it undergoes oxidation and is 
dissipated, and finally, a vitreous body made of a mixture of 
mullite acicular crystals is left behind. 

[Application Examples] 

In the following, the present invention is explained in 
further detail with application examples. 

The present invention pertains to a method of producing a 
light weight mullite porous body with low air flow resistance 
comprising a mixture of many mullite acicular crystals. 

In the present invention, clay refers to a variety of clay 
minerals containing AI2O3 and Si02 as main ingredients . 
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[p- 3] 

The above-mentioned clay minerals undergo a chemical 
reaction upon baking and produce mullite ( 3Al2032Si02 ) . 

In general, the above-mentioned clay minerals have 
associated water of crystallization. The water of 
crystallization undergoes dehydration when calcination is carried 
out at an appropriate temperature and the anhydride is produced. 

As a rule, the mixing ratio in the present invention is 
calculated taking into consideration the fact that water of 
crystallization is included, but needless to say, [the invention] 
can be applied to an anhydride as well. When an anhydride is 
used, the mixing ratio is determined taking into consideration 
the fact that the water of crystallization is removed from the 
clay containing the water of crystallization. 

In general, when a clay containing water of crystallization 
is used, the yield of mullite acicular crystals is greater than 
is the case when an anhydride is used. Furthermore, when the 
clay containing water of crystallization is used, the length of 
the crystals is likely to be greater than is the case when a clay 
without water of crystallization is used. 

Furthermore, based on the yield of the mullite acicular 
crystals, kaolinite is especially desirable among the various 
types of clay minerals. 

For different types of clay minerals that can be used in the 
present invention, halosite, dekkalite [phonetic] , ball clay, 
china clay, filler clay, flint clay, soft clay, shale clay, wood 
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clay, frog-eye clay, hydro thermal clay, etc. can be mentioned. 
In some cases, a clay containing a relatively high proportion of 
metal oxides other than Si0 2 and Al 2 0 3 such as bentonite can be 
used as well. 

In this case, it is not necessary to pulverize the clay at 
the time of use since the crystals of the clay are very fine. 

Carbon means the substance represented by the chemical 
symbol C and substances capable of easily forming C. For above- 
mentioned carbon, for example, carbon black, vitreous carbon, 
activated carbon, natural graphite, synthetic graphite, carbon 
fiber, pyrolytic carbon, and impermeable carbon can be mentioned 
for the former, and synthetic resins such as phenolic resin, 
furan resin, and acrylic resin can be mentioned for the latter. 

Among carbons listed above, an especially desirable 
substance is graphite. When graphite is used, obvious 
development of the mullite acicular crystals can be observed, and 
the yield of mullite acicular crystals is high. In general, 
carbon is used in the form of a powder. From the standpoint of 
reactivity, it is desirable when the size of the power particles 
is smaller, but from the standpoint of molding properties, a 
powder with particles that are too small in size is not 
desirable. In general, a powder having particles with a diameter 
in the range of 0.5-50 urn is used. Carbon promotes formation and 
development of mullite acicular crystals and disperses excess 
Si02 and reduces and finally vaporizes and evaporates that 
substance. As explained above, [the substance] exists in the 
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molded item in the form of a fine block structured consisting of 
excess Si0 2 or a vitreous body mainly composed of Si0 2 formed 
during the course of the baking process. 

Therefore, as a result of the carbon, the voids around the 
acicular crystals produced is not filled with Si0 2 or a vitreous 
body mainly composed of Si0 2 at a high density. And many uniform 
through holes are produced. Suitable voids formed in the baked 
body become passages for evaporation of the above-mentioned Si0 2 
component in the final stage of baking. 

Along with the clay, AlF 3 becomes a source of supply of the 
A1 2 0 3 component required for production of mullite acicular 
crystals, and at the same time, reduces the mullite acicular 
crystal formation temperature. 

The material is pulverized as finely as possible at the time 
of use. 

As explained above, the specified raw materials are mixed at 
the specified mixing ratio to produce a mixture, molding is 
carried out for the mixture, and further baking of the molded 
item is carried out in the present invention. 

[p. 4] 

In this case, it is desirable when the above-mentioned 
baking is done in a container that has an adequate seal . In this 
case, a container with an adequate seal means a sealed container 
in which the Si0 2 component evaporated as a result of reduction 
with carbon at the time of baking and can be removed from the 
container . 
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The atmosphere inside the container at the time of baking is 
not especially limited. For example, non-oxidizing atmosphere 
can be used, or a small amount of oxygen can be included. When 
oxygen is included, a part of the carbon inside the container is 
oxidized and removed, but a part of the carbon remaining in the 
container until at least the end of the baking process can be 
tolerated. In specific terms, when a crucible with a lid is 
used, the above-mentioned container state can be easily achieve 
when the lid is placed on the container or the lid is slightly 
open. 

After baking, a molded item comprising mixed mullite 
acicular crystals, an amorphous mullite body dispersed in the 
voids of the above-mentioned mullite acicular crystals, carbon, 
etc. is left in the container. 

Heating of the above-mentioned molded item is done in air or 
an oxygen-containing atmosphere and residual carbon is removed by 
oxidation . 

The heat treatment temperature used is a temperature 
sufficient to promote oxidation and removal of the residual 
carbon and is not especially limited. In general, a temperature 
of approximately 800°C is used. In specific terms, for example, 
the lid is removed from the container used for baking, while the 
specified temperature is maintained and is left off. 

Molding is performed by a conventional method. For example, 
a small amount of water or organic solvent, or a solution 
containing a further binder is added to the raw material mixture, 
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and molding is done by means of press molding or extrusion 
molding. When a binder is used, a binder that does not interfere 
with formation of the mullite acicular crystals is used. As 
examples of the above-mentioned binder, many different types of 
organic synthetic resins, natural adhesives, colloidal silica, 
colloidal alumina, colloidal zirconia, etc. can be mentioned. 

The reason the mixing ratio of the AIF3 is in the range of 
5-50% in the material containing AlF 3 and clay in the present 
invention is because the temperature used for formation of 
mullite from the clay cannot be achieved and an adequate acicular 
ratio of the material cannot be achieved when less than 5% of the 
above-mentioned component is used. 

Furthermore, when the mixing ratio of the A1F 3 exceeds 50%, 
molding is difficult. 

The reason why 5-100 parts of carbon is added for 100 parts 
of the sum of the AIF3 and clay is because when 5 parts or less 
is used, dispersing of an amorphous vitreous body or mullite body 
in the voids surrounding the mullite acicular crystals cannot be 
achieved, and the acicular ratio of the mullite crystal cannot be 
promoted . 

On the other hand, molding is not possible when an amount 
that exceeds 100 parts is used. 

It is desirable when a baking temperature in the range of 
1000-1700°C is used. When the temperature is below 1000°C, 
formation of mullite acicular crystals is less likely to be 
achieved. On the other hand, when the temperature exceeds 
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1600°C, in addition to mullite acicular crystals, formation of (3- 
SiC is observed; furthermore, a part of the mullite acicular 
crystals produced become fused and the bulk specific gravity is 
likely to increase. Especially, when a temperature of above 

1700°C is used, decomposition of the mullite acicular crystals is 
increased; thus, [such a temperature] is not desirable. 

It is especially desirable when the baking temperature is in 
the range of 1200~1500°C. A significantly higher growth of the 
mullite porous body is observed in the above-mentioned 
temperature range and the yield is higher as well. 

[Test Examples] 

In order to explain the present invention further and in 
specific terms, test examples are used. 

Mixing was carried out for a kaolin powder imported from New 
Zealand, A1F 3 powder, and graphite powder at different mixing 
ratios . 

[p. 5] 

For the above-mentioned mixtures produced, a 3% solution of 
polyvinyl alcohol was added and thorough mixing was performed and 
press molding was done under a pressure of 200 Kg/cm 2 so as to 
produce a sheet-like material with a thickness of 5 mm. 

In production, the mixing ratio of A1F 3 included in the 
mixture comprising kaolin and AlF 3 was changed to 5%, 10%, 30% 
and 50%, and for 100 parts of the above mixture comprising kaolin 
and A1F 3 , 5 parts, 10 parts, 3 0 parts, 50 parts and 100 parts 
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each of graphite powder were mixed. 

Each molded item was placed in an alumina crucible with a 
cover, and baking was performed in an electric furnace at three 
different temperatures of 1300°C, 1400°C and 1500°C for 2 hours. 
Subsequently, the cover of the crucible was removed, heating was 
performed at a temperature of 800°C for 2 hours, an oxidation 
treatment was carried out for the residual graphite, and 
production of a mullite porous body was performed. 

Meanwhile, for comparison, the mixing ratio of the AIF3 for 
the mixture comprising kaolin and AlF 3 was changed to 0% and to 
3%, and the mixing ratio of the graphite powder was changed to 0 
parts and to 3 parts for 100 parts of the mixture comprising 
kaolin and AIF3, and molding was done as in the test example 
above and baking was done for each at each of the above-mentioned 
temperatures . 

For the mullite porous bodies produced above, measurements 
were made of the yield of mullite acicular crystals, porosity %, 
bulk specific gravity, and yield %. The measured results, along 
with the mixing ratio of the raw materials, are shown below in 
Table I~Table III. 

Table I, Table II, and Table III correspond to baking 
temperatures of 1300°C, 1400°C, and 1500°C, respectively. 
Furthermore, the analysis values of the kaolin powder imported 
from New Zealand used for the test are shown in Table V. 

In each Table, the shrinkage factor (%) is the ratio of the 
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difference in size before baking versus after baking compared to 
the size before baking. A positive number represents shrinkage 
as a result of baking and a negative number represents expansion 
as a result of baking. 

The observed yield of mullite acicular crystals is graded 
according to four categories and they are indicated by an x, A 
[triangle], O [circle], and (§> [double circle]. The yield of the 
mullite acicular crystals increases in the order of A [triangle] 
< O [circle] < <§> [double circle] < and x, which represents the 
category where formation of mullite acicular crystals is not 
observed at all. 

[Triangle] A and [circle] O represent groups where 
formation of mullite acicular crystals is observed, but the ratio 
is low and is outside the range of the present invention, and ® 
[double circle] represents the category where a high yield of 
mullite acicular crystals is achieved and is within the range of 
the present invention. 

In Comparative Examples 1-16, 17, 18, 19-20, 21, 22, 23-38, 
39, 40, 41, 42, 43, 44, 45-60, 61, 62, 63, 64, 65, and 66 of 
Table I~Table III, the mixing ratio of AlF 3 is in the range of 
0-3% or a mixing ratio of graphite in the range of 0-3 parts in 
all cases, and either mullite acicular crystals is not produced 
at all, or when produced, the yield achieved is not adequate. 
Furthermore, the porosity is low and shrinkage factor is high in 
all cases of the comparative examples . 
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On the other hand, the mixing ratio of A1F 3 is in the range 
of 5-5 0% and the mixing ratio of graphite is in the range of 
5-100 parts in all cases of the application examples, and as 
indicated by <§> [double circle] , the acicular ratio is very good, 
and the yield of mullite acicular crystals is sufficiently high. 

At the same time, the porosity is sufficiently high in most 
cases and the shrinkage factor is low. Furthermore, the length 
of the mullite acicular crystals is relatively high when the 
above-mentioned conditions are used. 

In the following, the baking temperature is explained with 
test examples. 

Among the mixing ratios shown in Tables I-III, the baking 
temperature was changed from 900°C to 1700°C at intervals of 100°C 
for the case where the mixing ratio of AlF 3 is 3 0% and mixing 
ratio of graphite is 50% [sic] . 

The results obtained are shown in Table IV and Fig. 1 below. 

[p. 6] 

In Table IV, the baking temperature used in Comparative 
Example 67 was a low 900°C, thus, formation of mullite acicular 
crystals was not observed in the molded item. 

On the other hand, an adequate formation of mullite acicular 
crystals was observed in Test Examples 61-68, and the crystals 
were relatively long. Furthermore, the porosity was sufficiently 
high and the shrinkage factor was reasonably low. 
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[Effect of the invention] 

As explained above, according to the method of the present 
invention, a porous body comprising mullite acicular crystals can 
be easily produced using a simple process consisting of mixing of 
raw materials, molding, baking, and oxidation and removal of the 
carbon . 

The effect achieved through the method of the present 
invention is summarized below. 

1) A high quantity of a mixed mullite acicular crystal 
porous body can be produced directly at a relatively low heat- 
treatment temperature . 

2) A light weight and porous material can be produced 
without an elution process for the vitreous body with a solution 
such as HF or a hot alkali solution. 

3) The treatment with a solution such as HF or a hot alkali 
solution is not required, thus, the thickness is not limited, and 
the method can be applied to items with a complex shape. 

Furthermore, according to the method of the present 
invention, the porous body produced has sufficiently high purity, 
as is, but complete removal of the vitreous body can be performed 
with HF, as well. 

In this case, the porous material makes permeation of the HF 
in the molded item easy. As a result, the treatment time is 
reduced. For the same reason, treatment of a thick molded item 
can be easily performed. 

Furthermore, shrinkage as a result of baking is very low in 
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many cases, thus, the dimensional stability of the target porous 
body is high. 

The porous body produced according to the method of the 
present invention has a structure comprising mullite acicular 
crystals having low air-flow resistance, uniform pore size, and 
high heat-resistance, and high chemical stability, and can be 
used for a variety of applications. For example, the porous body 
can be used as a filter material, catalytic carrier, bacterial 
carrier, insulation material, and as a reinforcement material for 
plastics, metals, and ceramics, as well. 

4 . Brief description of figures 

Fig. 1 is a graph that shows the relationship between the 
baking temperature and bulk specific gravity. 

Agent Tohru Tanabe, patent attorney 
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[p. 7] 

Table - I 


AIF 3 c 

wt% wt. ratio 

1300°C 

Yield of 
acicular 
crystal 

Bulk Sp. 
Gravity 

Porosity % 

Contractio 
n factor % 

Comp Ex 1 

0 

0 


2.12 

21 

20.6 

Comp Ex 2 

0 

3 


2.00 

25 

17.0 

Comp Ex 3 

0 

5 


1.92 

29 

15.0 

Comp Ex 4 

0 

10 


1.74 

36 

10.8 

Comp Ex 5 

0 

30 

A 

1.26 

52 

7.8 

Comp Ex 6 

0 

50 

A 

1.19 

55 

9.3 

Comp Ex 7 

0 

100 

A 

0.94 

63 

2.2 

Comp Ex 8 

3 

0 


1.76 

43 

7.6 

Comp Ex 9 

3 

3 


1.66 

44 

6.6 

Comp Ex 10 

3 

5 


1.61 

45 

6.0 

Comp Ex 11 

3 

10 

X 

1.49 

48 

5.0 

Comp Ex 12 

3 

30 

X 

1.22 

54 

3.8 

Comp Ex 13 

3 

50 

X 

1.16 

56 

4.3 

Comp Ex 14 

3 

100 

X 

0.99 

60 

1.6 

Comp Ex 15 

5 

0 

X 

1.50 

48 

4.0 

Comp Ex 16 

5 

3 

0 

1.44 

49 

3.9 

Test Ex 1 

5 

5 

© 

1.40 

50 

3.8 

Test Ex 2 

5 

10 

® 

1.35 

51 

3.5 

Test Ex 3 

5 

30 

© 

1.18 

56 

3.5 

Test Ex 4 

5 

50 

© 

1.15 

58 

3.6 

Test Ex 5 

5 

100 

© 

1.00 

62 

1.0 
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Table - I (cont.) 


AIF 3 c 

wt% wt. ratio 

1300°C 

Yield of 
acicular 
crystals 

Bulk Sp. 
Gravity 

Porosity % 

Contractio 
n factor % 

Comp Ex 17 

10 

0 

A 

1.20 

55 

2.2 

Comp Ex 18 

10 

3 

O 

1.19 

55 

2.2 

Test Ex 6 

10 

5 

® 

1.18 

56 

2.2 

Test Ex 7 

10 

10 

® 

1.16 

56 

2.2 

Test Ex 8 

10 

30 

® 

1.10 

59 

2.0 

Test Ex 9 

10 

50 

® 

1.10 

59 

1.8 

Test Ex 10 

10 

100 

® 

1.01 

61 

0 

Comp Ex 19 

30 

0 

O 

0.90 

67 

6.7 

Comp Ex 20 

30 

3 

O 

0.84 

68 

4.2 

Test Ex 11 

30 

5 

© 

0.81 

70 

2.6 

Test Ex 12 

30 

10 

® 

0.75 

72 

0.6 

Test Ex 13 

30 

30 

® 

0.67 

78 

-1.8 

Test Ex 14 

30 

50 

® 

0.80 

72 

-2.0 

Test Ex 15 

30 

100 

® 

0.84 

68 

-3.0 

Comp Ex 21 

50 

0 

O 

0.65 

84 

0 

Comp Ex 22 

50 

3 

O 

0.63 

86 

-1.0 

Test Ex 16 

50 

5 

© 

0.61 

87 

-1.5 

Test Ex 17 

50 

10 

© 

0.60 

88 

-1.9 

Test Ex 18 

50 

30 

® 

0.59 

91 

-2.5 

Test Ex 19 

50 

50 

® 

0.60 

89 

-2.7 

Test Ex 20 

50 

100 

® 

0.63 

85 

-3.5 
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[p. 8] 


Table - II 



AIF 3 

c 

1400°C 


wt% 

wt. ratio 

Yield of 
acicular 
crystals 

Bulk Sp. 
Gravity 

Porosity % 

Contracti 
on factor 

% 

Comp Ex 23 

0 

0 

X 

2.55 

2 

22.1 

Comp Ex 24 

0 

3 

X 

2.30 

13 

19.0 

Comp Ex 25 

0 

5 

X 

2.12 

19 

17.0 

Comp Ex 26 

0 

10 

X 

1.77 

30 

12.8 

Comp Ex 27 

0 

30 

A 

1.35 

48 

7.8 

Comp Ex 28 

0 

50 

O 

1.29 

50 

6.4 

Comp Ex 29 

0 

100 

O 

1.15 

54 

0.6 

Comp Ex 30 

3 

0 

X 

1.90 

38 

16.5 

Comp Ex 31 

3 

3 

X 

1.78 

41 

13.9 

Comp Ex 32 

3 

5 

X 

1.66 

42 

12.5 

Comp Ex 33 

3 

10 

A 

1.49 

45 

9.7 

Comp Ex 34 



O 

1.28 

52 

6.4 

Comp Ex 35 

3 

50 

O 

1.23 

54 

5.0 

Comp Ex 36 

3 

100 

O 

1.10 

59 

0.4 

Comp Ex 37 

5 

0 

X 

1.68 

41 

13.9 

Comp Ex 38 

5 

3 

0 

1.53 

44 

11.5 

Test Ex 21 

5 

5 

® 

1.47 

45 

10.0 

Test Ex 22 

5 

10 

® 

1.36 

48 

8.3 

Test Ex 23 

5 

30 

® 

1.23 

54 

5.6 

Test Ex 24 

5 

50 

® 

1.18 

56 

4.3 

Test Ex 25 

5 

100 

® 

1.07 

59 

0.3 
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Table - II (cont.) 


I AIF 3 c 

wt% wt. ratio 

1400°C 

Yield of 
acicular 
crystals 

Bulk Sp. 
Gravity 

Porosity % 

Contractio 
n factor % 

Comp Ex 39 

10 

0 

A 

1.46 

47 

10.2 

Comp Ex 40 

10 

3 

O 

1.38 

49 

8.7 

Test Ex 26 

10 

5 

© 

1.34 

50 

8.0 

Test Ex 27 

10 

10 


1.24 

53 

6.6 

Test Ex 28 

10 

30 

® 

1.10 

59 

3.9 

Test Ex 29 

10 

50 

® 

1.09 

59 

2.5 

Test Ex 30 

10 

100 

® 

1.00 

62 

0.1 

Comp Ex 41 

30 

0 

O 

1.02 

62 

4.0 

Comp Ex 42 

30 

3 

O 

0.94 

64 

3.2 

Test Ex 31 

30 

5 

© 

0.90 

66 

2.5 

Test Ex 32 

30 

10 

® 

0.82 

69 

1.2 

Test Ex 33 

30 

30 


0.73 

74 

-1.8 

Test Ex 34 

30 

50 

® 

0.79 

70 

-3.0 

Test Ex 35 

30 

100 

® 

0.80 

71 

-1.0 

Comp Ex 43 

50 

0 

O 

0.70 

80 

0 

Comp Ex 44 

50 

3 

O 

0.67 

81 

-0.7 

Test Ex 36 

50 

5 

® 

0.66 

82 

-1.4 

Test Ex 37 

50 

10 

® 

0.64 

84 

-2.3 

Test Ex 38 

50 

30 

® 

0.63 

86 

-3.2 

Test Ex 39 

50 

50 

® 

0.66 

83 

-3.8 

Test Ex 40 

50 

100 

® 

0.66 

82 

-2.5 
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Table - III 


I AIF 3 c 

wt% wt. ratio 

1300°C 

Yield of 
acicular 
crystals 

Bulk Sp. 
Gravity 

Porosity % 

Contractio 
n factor % 

| Comp Ex 45 

0 

0 

A 

2.53 

4 

30.0 

Comp Ex 46 

0 

3 

A 

2.25 

12 

26.4 

Comp Ex 47 

0 

5 

A 

2.10 

21 

23.8 

Comp Ex 48 

0 

10 

A 

1.77 

33 

19.0 

Comp Ex 49 

0 

30 

A 

1.38 

47 

11.5 

Comp Ex 50 

0 

50 

O 

1.34 

48 

8.8 

Comp Ex 51 

0 

100 

O 

1.11 

56 

1.3 

Comp Ex 52 

3 

0 

A 

2.50 

6 

29.0 

Comp Ex 53 

3 

3 

A 

2.13 

20 

24.4 

Comp Ex 54 

3 

5 

A 

1.98 

26 

22.0 

Comp Ex 55 

3 

10 

A 

1.60 

38 

17.0 

Comp Ex 56 

3 

30 

O 

1.31 

51 

9.6 

Comp Ex 57 

3 

50 

O 

1.28 

51 

7.7 

Comp Ex 58 

3 

100 

O 

1.19 

58 

1.0 

Comp Ex 59 

5 

0 

A 

2.47 

8 

28.0 

Comp Ex 60 

5 

3 

O 

2.00 

25 

24.0 

Test Ex 41 

5 

5 

® 

1.80 

30 

21.1 

Test Ex 42 

5 

10 

© 

1.49 

41 

15.7 

Test Ex 43 

5 

30 

© 

1.26 

54 

8.4 

Test Ex 44 

5 

50 

© 

1.23 

53 

5.5 

Test Ex 45 

5 

100 

© 

1.07 

59 

-0.3 
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Table - III (cont.) 


AIF 3 C 
wt% wt. ratio 

1500°C 

Yield of 
acicular 
crystals 

BulkSp. 
Gravity 

Porosity % 

Contractio 
n factor % 

Comp Ex 6*1 

10 

o 

A 

2.39 

11 

29.5 

Comp Ex 62 

10 

3 

O 

1.65 

36 

22.6 

Test Ex 46 

10 

5 

® 

1.50 

45 

20.0 

Test Ex 47 

10 

10 

® 

1.25 

53 

14.0 

Test Ex 48 

10 

30 

® 

1.10 

59 

5.3 

Test Ex 49 

10 

50 

© 

1.10 

58 

2.7 

Test Ex 50 

10 

100 

© 

1.02 

61 

0.2 

Comp Ex 63 

30 

o 

o 

1.00 

63 

4.3 

Comp Ex 64 

30 

3 

o 

0.91 

66 

3.0 

Test Ex 51 

30 

5 

® 

0.87 

68 

2.1 

Test Ex 52 

30 

10 

® 

0.82 

71 

0.7 

Test Ex 53 

30 

30 

© 

0.79 

75 

-1.8 

Test Ex 54 

30 

50 

® 

0.80 

72 

-2.0 

Test Ex 55 

30 

100 

® 

0.79 

71 

-0.5 

Comp Ex 65 

50 

0 

o 

0.72 

81 

0.5 

Comp Ex 66 

50 

3 

o 

0.66 

82 

0 

Test Ex 56 

50 

5 

® 

0.65 

83 

0 

Test Ex 57 

50 

10 

® 

0.63 

85 

-0.1 

Test Ex 58 

50 

30 

® 

0.59 

89 

-2.2 

Test Ex 59 

50 

50 

® 

0.61 

86 

-2.8 

Test Ex 60 

50 

100 

® 

0.67 

82 

-1.4 


23 


HEI 4-193782 

[p. 10] 


Table - IV 



Baking 
Temp. °C 

Yield of 
Acicular 
crystals 

DUIIV Op. 

Gravity 

Porosity % 

Contraction 
factor % 

Comp Ex 67 

900 

X 

0.94 

63 

-1.1 

Test Ex 61 

1000 


0.85 

67 

-2.2 

Test Ex 62 

1100 

® 

0.81 

70 

-2.4 

Test Ex 63 

1200 

® 

0.79 

70 

-2.0 

Test Ex 64 

1300 

® 

0.80 

72 

-2.0 

Test Ex 65 

1400 


0.79 

70 

-3.0 

Test Ex 66 

1500 

® 

0.80 

72 

-2.0 

Test Ex 67 

1600 

© 

0.82 

70 

-2.0 

Test Ex 68 

1700 

® 

0.87 

66 

-1.1 


Translators notes: Comp Ex = Comparative Example 


Table V 


Component 

Wt% 

SiOz 

49.3 

Al 2 0 3 

36.0 

Fe 2 0 3 

0.22 

TiC-2 

0.06 

CaO 

0.02 

MgO 

0.03 

K 2 0 

0.01 

Na z O 

0.07 

Ig. loss 

14.1 
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900 1000 1100 1200 1300 1400 1500 1800 1700 
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Key: 

open circles 
solid circles 

Left vertical axis 
Right vertical axis 
Horizontal axis 


Bulk specific gravity 
porosity 

Bulk specific gravity 
Porosity 

Baking temperature C 
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